Accelerated KVM guests on WSL 2 (simple)

Windows Subsystem for Linux

The internet asked for this.

whbuntw@ubunte: ~

This guide has been deprecated in favor of this 2022 update.

Requirements

Windows 10 Insider Fast Ring, tested on build 19645.1

Ubuntu 20.04 on WSL 2

An Intel Core i5+ CPU*

An X server for Windows, e.g. X410 or VcXsrv (For now, native GUI support and GPU acceleration is

coming!)
At least 16GB RAM
At least 40GB free hard drive space

*AMD users: WSL 2 runs in a lightweight Hyper-V platform on any edition of Windows 10. Hyper-V just
got AMD nested virtualization support. They have said Linux KVM guest support is coming.



https://boxofcables.dev/tag/wsl/
https://boxofcables.dev/author/hayden/
https://boxofcables.dev/kvm-optimized-custom-kernel-wsl2-2022/
https://ubuntu.com/blog/ubuntu-on-wsl-2-is-generally-available
https://x410.dev/
https://sourceforge.net/projects/vcxsrv/
https://ubuntu.com/blog/new-gpu-and-gui-features-announced-for-wsl-at-build
https://techcommunity.microsoft.com/t5/virtualization/amd-nested-virtualization-support/ba-p/1434841

Recommended

Familiarity with building a Linux kernel**
Familiarity with KVM, QEMU, or virtualization technology
Windows Terminal (Get it. It's fast!)

**If you are not ready to build Linux kernel modules but want to get started, check out my guide on
running_ Windows 2000 with QEMU on WSL.

Update, upgrade, and install dependencies
You have been regularly updating your WSL distro, right?

sudo apt update && sudo apt -y upgrade
sudo apt -y install build-essential libncurses—dev bison flex libssl—-dev libelf-dev

cpu—checker gemu—kvm aria2

Get kernel sources

You need a kernel. You could use any kernel, including one from your distro, but for simplicity | use the
default Microsoft WSL terminal as a base.

There may be more recent WSL 2 kernels available but this has only been tested on 4.19.104 (and you
will need 4.19.121 or higher for GPU compute):

~

cd
aria2c —x 10 https://github. com/microsoft/WSL2-Linux—Kernel/archive/4.19. 104~
microsoft—standard. tar. gz

tar —xf WSLZ2-Linux—Kernel-4.19. 104-microsoft—standard. tar. gz

cd WSL2-Linux-Kernel-4. 19. 104-microsoft-standard/

If you are reading this in the future, you can check your current WSL 2 version number with:
uname —r

You can find all the WSL 2 kernel releases on GitHub.

You could also use git to retrieve specific branches and tagged releases of the WSL 2 kernel.
Optimize kernel config for KVM on WSL

Start by borrowing the official WSL 2 kernel configuration:

cp Microsoft/config-wsl .config

Then let's customize it:


https://github.com/microsoft/terminal
https://boxofcables.dev/running-windows-2000-on-wsl/
https://github.com/microsoft/WSL2-Linux-Kernel
https://github.com/microsoft/WSL2-Linux-Kernel/releases

make menuconfig

Under Virtualization | set KVM for Intel processor support to build as a module (read below and decide
if you should) and enable built-in virtio net support:

A root@ABS: ~ X A root@ABS: ~/WSL2-Linux-Kerne

.config - Linux/x86 4.19.164 KHernel Configuration
> Virtualization
Virtualization
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----). Highlighted letters
are hotkeys. Pressing <¥> includes, <N> excludes, <M> modularizes features. Press <Esc><Esc> to exit, <7=
for Help, </> for Search. Legend: [*] built-in [ ] excluded <M> module < > module capable

-—- Virtualization

<M> KVM for Intel processors support

< > KVM for AMD processors support

[1] Audit KM MMU

<x> Host kernel accelerator for virtio net
< > vhost virtio-vsock driver

[] Cross-endian support for vhost

<Select> < Help > < Save > < Load >

Important note about building a module in WSL:

Building KVM for Intel as a module <M> makes it easier to unload, tweak, and reload the module as
needed, for example:

sudo modprobe —-r kvm intel # removes the module

modprobe kvm intel enable apicv=0 # reloads the module with apicv disable

This might be useful getting certain operating systems to run or finetune their performance. But it
means you will have to load the module each time manually or add it to your .bashrc.

If you don't want to do this, just leave KVM for Intel processors support as built-in <*>, and you can
skip the make modules_install step below, but make sure you still add KVM guest support and
configure kvm_intel in /etc/modprobe.d/kvm-nested.conf as described below.

Exit the Virtualization menu and then proceed to Processor type and features -> Linux guest support
enable built-in KVM guest support:



A hayden@ABS: ~/WSL2-Linux-Ke A hayden@ABS: ~/W5L2-Linux-Ke

.config - Linu 86 4.19.104 HKernel Configuration
> Processor type and features > Linux guest support
Linux guest support
Arrow keys navigate the menu. <Enter> selects submenus ---> (or empty submenus ----). Highlighted letters
are hotkeys. Pressing <Y> includes, <N> excludes, <M> modularizes features. Press <Esc><Esc> to exit, <?>
for Help, </> for Search. Legend: [*] built-in [ ] excluded <M> module < > module capable

-—- Linux guest support

-%x-  Enable paravirtualization code

[ Paravirtualization layer for spinlocks
[ ¥en guest support

Enable debug information for KVM Guests in debugfs (NEW)
Paravirtual steal time accounting
Jailhouse non-root cell support

]
]
[x] __KVM Guest support (including kvmclock)
]
]
]

[
[
L

< Exit = < Help = < Save > < Load =

Exit and save as .config.
Flags
If you are 10x and too cool to use a GUI, you can edit your .config directly in vim:

KVM_GUEST=y
CONFIG_KVM=y
CONFIG_KVM_INTEL=m
CONFIG_VHOST NET=y
CONFIG_VHOST=y

Build the new kernel
make —j 8
Sit back and watch a movie while you wait:

Install your kernel modules

sudo make modules install

Install your kernel in WSL 2 and enable nested KVM

cp arch/x86/boot/bzImage /mnt/c/Users/<username>/bzImage

nano /mnt/c/Users/<username>/.wslconfig

Paste but don't forget to change <username> to your Windows username:



[ws12]
nestedVirtualization=true

kernel=C:\\Users\\<username>\\bzImage

WSL 2 Settings Pro Tip

¢ /etc/wsl.conf manages your distro-specific WSL settings

¢ %HOMEPATH%\.wslconfig manages for global WSL settings

Reboot WSL 2

Close all open WSL instances. If you are using Windows Terminal just open a PowerShell terminal tab
and close the other tabs. See, | told you to get Windows Terminal.

In a new PowerShell terminal:
wsl. exe ——shutdown Ubuntu
2 Windows PowerShell

Windows PowerShell
Copyright (C) Microsoft Corporation. ALl rights reserved.

Install the latest PowerShell for new features and improvements! https://aka.ms/PSWindows

S C:\Users\Hayden> wsl.exe UbuntuGroovy
S C:\Users\Hayden> |

Re-open Ubuntu on WSL.:

wsl. exe —d Ubuntu


https://docs.microsoft.com/en-us/windows/wsl/wsl-config#configure-per-distro-launch-settings-with-wslconf
https://docs.microsoft.com/en-us/windows/wsl/wsl-config#configure-global-options-with-wslconfig

B root@ABS: /mnt/c/Users/Hayde +

Windows PowersShell
Copyright (C) Microsoft Corporation. ALl rights reserved.

Install the latest PowerShell for new features and improvements! https://aka.ms/PSWindows

PS C:\Users\Hayden> wsl.exe UbuntuGroovy
PS C:\Users\Hayden> wsl.exe UbuntuGroovy
0

root@ABS: /mnt/c/Users/Hayden#

Check you are running your new kernel

uname —ar

should show today's date and the time should be a few minutes ago.

B root@ABS: /mnt/c/Users/Hayde X -+

Windows PowerShell
Copyright (C) Microsoft Corporation. ALl rights reserved.

Install the latest PowerShell for new features and improvements! https://aka.ms/PSWindows

PS C:\Users\Hayden> wsl.exe UbuntuGroovy
PS C:\Users\Hayden> wsl.exe UbuntuGroovy

root@ABS:/mnt/c/Users/Hayden# uname -ar

Linux ABS 4.19.184-microsoft-standard #1 SMP Sun Jun 14 20:14:51 EDT 2820 xB6_64 x86_6U x86_6U
GNU/Linux

root@ABS: /mnt/c/Users/Hayden#

Configure kvm-intel

nano /etc/modprobe. d/kvm—nested. conf

Paste:

options kvm—intel nested=1
options kvm—intel enable shadow vmcs=1
options kvm—intel enable apicv=I

options kvm—intel ept=1



B hayden@ABS: /mnt/c/Users/Han + v = |

GNU nano 4.8 /etc/modprobe.d/kvm-nested.conf Modified
options kvm-intel nested=1
options kvm-intel enable_shadow_vmcs=1
options kvm-intel enable_apicv=1
options kvm-intel ept=1

Save modified buffer?
| Yes
il No Cancel

Load kernel module

sudo modprobe kvm intel

Test KVM with:

kvm—ok

A root@ABS: /mnt/c/Users/Hayde > +

root@ABS: /mnt/c/Users/Hayden# sudo modprobe kvm_intel
root@ABS: /mnt/c/Users/Hayden# kvm-ok

INFO: /dev/kvm exists

KVM acceleration can be used
root@ABS:/mnt/c/Users/Haydens#

Check for nested KVM with:

cat /sys/module/kvm intel/parameters/nested

should report "Y"



A root@ABS: fmnt/c/Users/Hayde > +

root@ABS:/mnt/c/Users/Hayden# sudo modprobe kvm_intel

root@ABS: /mnt/c/Users/Hayden# kvm-ok

INFO: /dev/kvm exists

KVM acceleration can be used

root@ABS: /mnt/c/Users/Hayden# cat /sys/module/kvm_intel/parameters/nested
Y

root@ABS: /mnt/c/Users/Hayden#

Configure X for WSL 2

Install X410 or VcXsrv and configure firewall settings to allow on Public network. | prefer X410 because
it does it for you, but it costs about $10 USD in the Store. VcXsrc is free and open source but requires a
bit more manual configuration Native GUI support is coming, more details later in 2020.

Once you are running X on Windows, redirect your WSL X output to Windows by setting the DISPLAY
environmental variable:

export DISPLAY=$ (cat /etc/resolv.conf | grep nameserver | awk ’ {print $2;
exit:}’):0.0

You can add this command to ~/.bashrc to run every time you open Ubuntu WSL.:

A root@ABS: ~ L - O

GNU nano 4.8 .bashrc

DISPLAY fetc/resolv.conf nameserver "{print $2; exit;}'):@.8
§e Get Help Write out @l Where Is Cut Text 4l Justify §le Cur Pos
Wy Exit Read File W Replace Paste Text §J To Spell gl Go To Line

If you add this command to your .bashrc file, then to load it for this session just:

~/.bashrc

Download an Ubuntu desktop install ISO


https://ubuntu.com/blog/new-gpu-and-gui-features-announced-for-wsl-at-build

Go back to your home folder, or make a folder inside WSL to keep this project (NOT on /mnt/c/ it will
slow you down), and then download the nightly Ubuntu desktop install ISO with aria2:

cd ©

aria2c —x 10 http://cdimage. ubuntu. com/daily-live/current/groovy-desktop—amd64. iso

You can ISOs for Ubuntu 20.04 LTS (focal) and many of the official flavors here.

aria2

aria2 is a next generation download utility.

Use aria2c in place of wget for all your downloads, add -x 10 to break the download up into 10
download threads, it speeds things up quite a bit.

A root@ABS: ~ b s - O

root@ABS:~# aria2c -x 10 http://cdimage.ubuntu.com/daily-live/current/groovy-desktop-amdé6d.iso

06/14 23:10:33 [ ] Downloading 1 item(s)
*%* Download Progress Summary as of Sun Jun 14 23:11:33 2820 **=*

[#204c47 1.3GiB/2.5GiB(54%) CN:5 DL:23MiB ETA:51s]
FILE: /root/groovy-desktop-amdél.iso

#200c47 2.5GiB/2.5GiB CN:1 DL:
06/14 23:12:24 [ ] Download complete: /root/groovy-desktop-amdéd.iso

Download Results:
gid |stat|avg speed |path/URI
2u4cy7 | 23MiB/s|/root/groovy-desktop-amdél.iso

Status Legend:
(OK) :download completed.
root@ﬁES:~#|

Create a gcow?2 virtual hard drive for QEMU

This will be our virtual hard drive for our Ubuntu . gcow?2 is the default virtual hard drive container for
QEMU, similar to .vhd, .vdi, .vmdk files.

gemu—img create —f gcow?2 ubuntu. qcow?2 15G


http://cdimage.ubuntu.com/
https://aria2.github.io/

A root@ABS: ~ 4

root@ABS:~# gemu-img create -f gcow2 ubuntu.gcow2 15G

Formatting 'ubuntu.qcow2', fmt=gcow2 size=16106127360 cluster_size=65536 lazy_refcounts=off re
fcount_bits=16

root@ﬂBS:~#|

The Ubuntu installer will detect the virtual drive, partition, install, and install a bootloader. If you are
installing another distro or operating system you may need to manually format and partition as part of
the install process.

Boot from the ISO and install to the virtual hard drive

Pastebin

gemu-system—x86 64 \

—drive file=ubuntu. qcow2, format=qcow2 \

—drive file=groovy—desktop—amd64. iso, media=cdrom, readonly \

-net nic —net user \

-m 5172 \

-vga gxl \

——enable—kvm \

-smp 4 \

—cpu kvm64, +vmx, tvme, tmsr, +x2apic, thypervisor, taes, tvmx—activity—hlt, tvmx—cr3—
load—noexit, tvmx—cr3—-store—noexit, tvmx—cr8-load-exit, tvmx—cr8-store—exit, tvmx—desc—
exit, tvmx—entry—-iad2e—mode, tvmx—entry—load—efer, tvmx—entry—-load—-pat, tvmx—entry-—
noload—debugctl, tvmx—ept, tvmx—ept—1gb, tvmx—ept—2mb, tvmx—ept—execonly, tvmx—eptad, tvmx—
exit—ack—intr, tvmx—exit—load—efer, tvmx—exit—load—pat, tvmx—exit—nosave—debugctl, tvmx—
exit—save—efer, tvmx—exit—save—pat, tvmx—exit—save—preemption—timer, +tvmnx—
flexpriority, tvmx—hlt—-exit, tvmx—intr—exit, tvmx—invept, tvmx—invept—all-context, tvmx—
invept—single—context, tvmx—invept—single—context, tvmx—invept—-single—-context—
noglobals, tvmx—invlpg—exit, tvmx—invvpid, tvmx—invvpid—all-context, tvmx—invvpid—-single—
addr, fvmx—io—bitmap, tvmx—io—exit, tvmx—monitor—exit, tvmx—movdr—exit, tvmx—-msr—

bitmap, tvmx—mwait—exit, tvmx—nmi-exit, tvmx—page—walk-4, +tvmx—pause—exit, +vmx—pml, +vmx—


https://pastebin.ubuntu.com/p/GqHbMQSN99/

preemption—timer, tvmx—rdpmc—exit, fvmx—-rdtsc—exit, tvmx—secondary—ctls, +tvmx—shadow—
vmes, tvmx—store—1Ima, tvmx—true—ctls, tvmx—tsc-offset, tvmx—unrestricted—guest, tvmx—
vintr—-pending, tvmx—vmwrite—-vmexit—fields, +tvmx—vnmi, +vmx—vnmi-pending, +vmx—

vpid, +de, tpse, ttsc, tmsr, tpae, tmce, +¢x8, tapic, tsep, tmtrr, tpge, tmca, tcmov, tpat, tpse36, +
clflush, +mmx, tfxsr, +sse, +sse2, +ss, tht, +syscall, +nx, +tpdpelgb, +rdtscp, +1m, +pni, +pclmulq
dq, tvmx, tssse3, +fma, tcx16, +pcid, +ssed 1, +ssed 2, +movbe, tpopcent, taes, +xsave, tavx, +f16¢
, Trdrand, thypervisor, +1ahf 1m, +tabm, +3dnowprefetch, +sshd, +ibpb, +stibp, +fsgsbase, +bmil,
+avx2, tsmep, thmi2, terms, +tinvpcid, trdseed, tadx, tsmap, tcl1flushopt, txsaveopt, txsavec, txg

etbvl, +xsaves \

@ asmu

Machine View

-cr3-store-noexit, +vmx-c
entry-load-pat, +vmx-entr
intr,+vmx-exit-load-efer
ave-preemption-timer, +vm
le-context,+vm:
l-con
ait-exit, +vmx-nmi-
vmx—-secondary-ctls, +vmx—
{ing, +vmx-vmwrite-vmexit
,*+pge, +mca,+cmov, +pat, +p
+ssse3, +fma, +cx16, +pc
efetch,+ssbd, +ibpb,+s
xsavec, +xgetbvl,+xsaves

Checking disks: 19% complete
Checking ./pool/mainfa/grub2/grub-efi-amdé4 )4-1ubuntu26_amdé64.deb

Press Ctrl+C to cancel all filesy s in progress

ubuntu®

Then follow normal Ubuntu installation steps:



& aemu
g Machine View

Jun 15 00:28

-cr3-store-|

try-load-|
intr, +vmx-e|
ave—preempt|
le-context,
L-context, +

it-exit, +v|
/mx—-seconda
mem ng, +vmx-v|
mem: ) ,+pge,+mca,
Lam X, +55583,
mem - refetch, +
avec, +xge|
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New York

Continue

(@)
L

3 Files ~ Jun 14 21:02

mwait i

Starred Desktop ~ Documents  Downloads Music Pictures Public Templates —exit,+vmx-secor

ntr-pending, +vmy
= 0, +mtrr, +pge, +md
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Music
Pictures
Videos

Trash

nwalid value fo
Floppy Disk

Lid value for sf
Ubuntu 20.1... &

alue for stride

Other Locations
d value for str




What is all this?

This launches QEMU, an open source system emulator/virtualizer. QEMU is a powerful tool | use often.
One of my favorite uses is to emulate vintage hardware to run vintage operating systems. | wrote a
guide to run Windows 2000 on WSL using QEMU.

Most of the flags, like mounting the virtual hard drive and ISO as a cdrom, are self explanatory.

For more, check the QEMU manual page:

gemu-system(1) — gemu-system-common — Debian testing. — Debian Manpages

debian

There are more links to docs on WSL 2, QEMU. and KVM below.
Why such a long CPU line though?

None of the stock CPU types in QEMU matched well with the WSL environment so | started with a
basic kvm64 and then added back all of the CPU flags supported in Hyper-V and then tested to see
which of the vmx flags worked. VMX extensions are the Intel VT-x extensions to accelerate virtual
machines.

After tweaking the kernel and exposing these CPU flags | found significant performance improvements
in KVM on Ubuntu WSL and, much to my surprise, the ability to run nested-upon-nested KVM.

Future boots
You can omit the boot ISO line:

drive file=groovy-desktop—armb4. iso, media=cdrom, readonly \

after you install Ubuntu to ubuntu.qcow2:


https://wiki.qemu.org/Main_Page
https://boxofcables.dev/running-windows-2000-on-wsl/
https://manpages.debian.org/testing/qemu-system-common/qemu-system.1.en.html

@ oemu - O P
Machine View

Jun 15 00:22

Install

Installation type

This computer currently has no detected operating systems. What would you like to do?

© Erase disk and install Ubuntu
Warning: This will delete all your programs, documents, photos, music, and any other files in all operating systems.

Advanced Features... | None selected

Something else
You can create or resize partitions yourself, or choose multiple partitions For Ubuntu.

Back Install Now

0000 CO

Make a boot script

~

cd

nano boot ubuntu kvm. sh

Paste:

#!/bin/bash
gemu-system—x86 64 \

—drive file=ubuntu. qcow2, format=qcow2 \

-net nic —net user \

-m 5172 \

-vga qxl \

——enable—kvm \

—smp 4 \

—cpu kvm64, +vmx, tvme, tmsr, +x2apic, thypervisor, taes, tvmx—activity—hlt, tvmx—cr3—
load—noexit, tvmx—cr3—-store—noexit, tvmx—cr8—load—exit, tvmx—cr8—store—exit, tvmx—desc—
exit, tvmx—entry—-iad2e—mode, tvmx—entry-load—efer, tvmx—entry—-load—-pat, tvmx—entry-—
noload—debugctl, tvmx—ept, tvmx—ept—1gb, tvmx—ept—2mb, tvmx—ept—execonly, tvmx—eptad, +tvmx—

exit—ack—intr, tvmx—exit—load—efer, +tvmx—exit—load—pat, tvmx—exit—nosave—debugctl, tvmx—



exit—save—efer, tvmx—exit—save—pat, tvmx—exit—save—preemption—timer, +vmx—

flexpriority, tvmx—hlt—-exit, tvmx—intr—exit, tvmx—invept, tvmx—invept—all-context, tvmx—
invept—single—context, tvmx—invept—-single—context, tvmx—invept—-single—context—
noglobals, tvmx—invlpg—exit, tvmx—invvpid, tvmx—invvpid-all-context, +vmx—invvpid-single—
addr, tvmx—io—bitmap, tvmx—io—exit, tvmx—monitor—exit, tvmx—movdr—exit, tvmx—msr—

bitmap, tvmx—mwait—exit, tvmx—nmi—exit, tvmx—page-walk—4, tvmx—pause—exit, tvmx—pml, tvmx—
preemption—timer, tvmx—rdpmc—exit, fvmx—-rdtsc—exit, tvmx—secondary—ctls, tvmx—shadow—
vmes, tvmx—store—1lma, tvmx—true—ctls, tvmx—tsc-offset, tvmx—-unrestricted—guest, tvmx—
vintr-pending, tvmx—vmwrite—-vmexit—fields, +vmx—vnmi, tvmx—vnmi—-pending, +vmx—

vpid, +de, +pse, ttsc, tmsr, +pae, tmce, +¢x8, tapic, tsep, fmtrr, +tpge, tmca, +cmov, tpat, tpse36, +
clflush, +mmx, +fxsr, t+sse, +sse2, +ss, tht, +syscall, +nx, +pdpelgb, +rdtscp, +1m, +pni, +pclmulq
dq, tvmx, t+ssse3, +fma, t¢cx16, tpcid, +sse4 1, +ssed 2, tmovbe, tpopcnt, taes, +xsave, tavx, +£16¢
, Trdrand, thypervisor, +1ahf 1m, +abm, +3dnowprefetch, +sshd, +ibpb, +stibp, +fsgsbase, tbmil,
+avx2, tsmep, thmi2, +terms, +invpcid, trdseed, tadx, +smap, +tclflushopt, +xsaveopt, txsavec, txg

etbvl, +xsaves \

Exit and save.
Mark the file executable:

sudo chmod u+x boot ubuntu kvm. sh

Now it can be run as:

. /boot ubuntu kvm. sh

Other Distros

You can create as many different qcow?2 virtual hard drives as you have space for and install different
distros on each. For other distros just create a new qcow?2 file, download the bootable ISO (use aria
again to speed it up, tip: aria works on .torrent files too!), mount both in your gemu options, and install
onto the virtual hard drive.

Other Operating Systems



Haiku

@ cemMu

Machine View

o V

Installer Trash

[] Terminal:home:~

Edit setings |

Welcome to the Haiku shell.

e Download an ISO from the nightly images.

e Follow the approach used above.

macOS

[] HaikuDepot

| Tools Repositories Show

=1 Terminal
<4 HaikuDepot
| <% SoftwareUpdater

Category: | All categories

B Searchterms: | browser

Featuredpackages | All packages |

[ Name 4| Rating [
w

Description

Size | status

& graphviz

@ Gwenview ook

[] softwareupdater 1|

Open source graph visualization software
Image viewer for KDE

Generate Your Projects (6.5 a build automation tool

@ Downloading packages

perl-5.30.2-1-x86_64.hpkg

g
he WHATWG HTMLS spec

482 MiB
1.20 MiB
60244 KiB
21.55 MiB
737 bytes

Available
Available
Available
Adtive

Available

B

_

vPackages to be updated (11)
freetype 291

libffi 3214

libiconv 1.154

Adree, high-qualty, and portable font engine
Aportable. high level programming nterface

The GNU icony implementation to converttext encodings

browser

[] Show more details

¢ You must comply with the terms of the macOS EULA.

¢ Once the KVM configuration above is in place, this works quite well.

¢ In basic.sh usb-tablet works better than usb-mouse.

Additional Reading

sirredbeard/Awesome-WSL

best aspects of the classic Opera (12.x) Ul using Qt5.

Awesome list dedicated to Windows Subsystem for Linux - sirredbeard/Awesome-WSL

OGitHubsirred beard



https://download.haiku-os.org/nightly-images/x86_64/
https://github.com/foxlet/macOS-Simple-KVM
https://github.com/sirredbeard/Awesome-WSL

QEMU System Emulation User’s Guide — QEMU 5.0.50 (v5.0.0-1244-g7d3660e798)_documentation
QEMU

QEMU - ArchWiki
AArchWiki

Nested Guests - KVM
L Y

AKVM

WSL - Ubuntu Wiki
Ubuntu Wiki

Compiling_Your Own Linux Kernel for Windows? WSL 2



https://www.qemu.org/docs/master/system/index.html
https://wiki.archlinux.org/index.php/QEMU
https://www.linux-kvm.org/page/Nested_Guests
https://wiki.ubuntu.com/WSL
https://microhobby.com.br/blog/2019/09/21/compiling-your-own-linux-kernel-for-windows-wsl2/

